Korean Dairy Techno. 14(2) : 175~ 183, 1996

f 2 ¥-+-2H(Milk Fat Globule Membrane, MFGM) 9]
T4 whl Aol gk H L9 A

RN
senoft) 3t s je) 5

Recently Studies of the Constituent Proteins from
Milk Fat Globule Membrane

S. Hwangho
College of Agriculture, Utsunomiya University

Z B3] g Ao o3 A stz sl

I.M 2
I. MFGM2e| =M
T AEuelA A" A A A
o 2o g FtE o], A7IA FeA Lo ofs) AT MFGME < 45%¢<] wruld st oF 55%
biR ol Ad= 7Aoo A& T2 lipoproteinso] T},

t
brane, o3} MFGMeo|&} o] &g A7} vijd
3 Eo] g9 B3] AEue AEgeze
e AEANHE FHgMT & 5 e
o]t}, Holstein®] $H& 7|Fo = 7
FAW 1 g9 EHAHL 2 m*Y "o}, §AuS
o 3.3%2 ANE A%, 2 a3 Ut 25
H| g5t 49 74—°r 3HF 1,650 m22] A E o]
b= Zlo] H9, KA EeA a1 Be7)70}
Aok stiers, fE-vlel 9 27}
MXH °:r“‘ 2r gk A ] "rh© o] A
24, A B
%JéHE 71e& 2a

o o

= = o
%%01 , AMEE] B2 A B2 0z
o

=

°1

oZ: ﬂrl)l

k

g5 o ‘10 sl

e
ol

iu}
i,

r51~

oo v 42 = omh

)
olr 1

Lo 30 1o fo = HN
lo

7

o
= o
Z
5]
[}
o =
o
1r BN
L ox

MFGM ¢ %@h‘é‘i} Ao gFe 1 AN, &
8] AL TS Aoz 5g o, MFGM9
AgE o] e trlacylglycerol (TG) 9] %ol o3
W5ty wakA chuningo] ols] =g MF-
GM® TGE A A&l ¢ 60% (50~85%) 5 A}
At Qo 27% (24~40%) 9 phOSpholipi
ds, 3%¢] cholesterolo] 350} glom 1 u
of mlgre] ZAA Fo| dfH ol Q) °]7‘]’“°
phosphatidyl choline (27%), phosphatidyl eth-
anolamine (33%), sphingomyelin (23%), pho-
sphatidyl serine (8%), phosphatidyl inositol
(72) 522 24 Ak gAFe 42, GD3
(disialohematoside) ©] 67%Z 2} x| &t Qleke,
MFGM9] T4 @ A2 4~30% acrylamide
s Fujol ojs] SDSEASHM e AR %
(SDS-PAGE)o 2 £} 13,000~210,0009]
o 427191 Z&] 3El=2 FAHo AUE Ao &
aEUet 1 & Fag Fele, gz A

- 175 —



#o) o

918 16702 e =(CB-1~CB-16), & g4
AzHE A

8] 7789l HE)=(PAS-1~PAS-7)7}
o] ii}'?lE] giy;],(&u).

e}
=]
Z

. MFGMe| T iy F

MFGM9] gt8tzA 2 A4 243 A st
Table 1o Y Ach F214 100g B 0.5~1.5¢
°] MFGMe] €@oixitt, MFGM$ 90% ©l’de]
gzt A Folrt, Algel o3 setzAd HE

o]l Bolz AL & AR, &7 5o AHH -
#7472 89 9o $§, creame) AHE, ey
2 MFGM 9] A 7|13}, MFGM 9 &3
%9 sz AAEFel sphingo UAZo] Hol

o] e Aol
MFGMe] AT A 3t Sdg o
on], AZ&5E bandd o)EE7} L &
37 E9A Ao, -9 MFGM 9 34
% peptide® PAS-1, -2, -3& thul
(Comaa51a brilliant blue R-250, CB)¢l
AZHA ¢oni(Fig. 1) PAS4, -5 -6
PAS-72 CBA A& -&olstA H&Hr),
SDS-PAGE® ¢l 9J3] ol Z2 He=9 &
e Zh Aqte] 93] Aol 7} Tk 0-® Sugar
chain(3)E 22 QA & CB-19) A9 3}
Bl 169,000~132,000.2 7 Fo] v $ We
Aol Ruxo] Urh Glycopeptidese] -9, 22
SHol olgt s, @l SDS7F AFeA %=

He
o2
H_N]
44
SR
ki)

cU R v = 2

Table 1. Gross composition of bovine milk fat globule membrane

Ranges Average Units
Protein* 33 ~ 57 44.1 %
Lipid* 43 ~ 68 55.3 %
Phospholipid* 24 ~ 40 26.7 %
Phosphatidyl choline®™* 25.7~42.9 32.9 %
Phosphatidyl ethanolamine®™* 22.3~39.8 30.7 %
Phosphatidyl serine*** 2.0~14.0 7.8 %
Phosphatidyl inositol** 2.0~11.1 6.7 %
Spingomyelin™* 19.0~35.5 22.8 %
Lyso-phospholipids™* 0.6~ 2.6 1.1 %
Cholesterol*™ 1.5~ 5.9 3.6 %
Glycerides*® 50 ~ 85 69.2 %
Free fatty acid™ 6.3 %
Hydrocarbon®™ 1.2 %
Cerebrosides* 3.5 nm
Gangliosides* 6 V nm
Hexoses*™ 0.032~0.154 0.078 mg
Hexosamines* 0.009~0.129 0.012 mg
Sialic acid* 0.007~0.055 0.020 mg

b: Including mono- and tri-glycerides, *: % of total milk fat globule membrane, **: % of total lipid, **: % of total

phospholipid, % : n mol per mg protein, ¥ ¥ : mg per mg protein,
references cited here.

1 apologize to readers and reporters that | did not list up
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Fig. 1. SDS-PAGE patterns of MFGM proteins.

MFGM was separated by SDS-PAGE (10%) under reducing conditions. Lanes 1, protein marker:
2 and 4, MFGM; 3 and 5, Triton X-114 solubilized fraction from MEGM. A was stained with
coomassie brilliant blue R-250 (CB) and glycoprotein (B) with periodic acid-Schiff reagent (PAS).
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Fig. 2. Ultrastructure appearances of milk fat globule membrane.
A; Thin-sectioned views of milkfat globule membrane. 1, Uniformly thick primary milkfat globule
membrane is indistinguishable from the secondary milk fat globule membrane. X26,000. 2, The
primary milk fat globule membrane (P) has formed blebs (b) and the secoﬁdary milk fat globule
membrane (S) is visible. x100,000.
B;Detail view cross sectioned unit membrane surrounding a fat globule. The casein micelle is
probably incidentally sandwitched between the unit membrane and the first membrane like ma-
terial adhering core lipid. % 200,000.
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Fig. 3. Localization of PAS-4 in lactating bovine mammary gland.
Indirect immunofluorescence of frozen sections with antibodies to PAS-4, Staining with antibodies
to PAS-4 is restricted to apical regions of these cells and to the surfaces of milk fat globules,

some of which are seen free in the alveolar lumina (AL). Bar=20 pm.
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Fig. 4. Factor of lipolysis in milk.
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Fig. 5. Hypothetical model proposed for the principal structure of milkfat giobule membrane { MFGM) just after

secretion and after reorganization of bovine milk globule (MFG). MFGM enveloping MFG is basically

composed of oninner coated membrane and outer plasma membrane (PM). Intracellular lipid droplets

(ILD) is coated witha coat membrane CM. Membrane components are asymmetrically distributed, and

the moieties of the sugar chain inglycoproteins are exposed on the outer surface.For reorganization, the

outer PM fuses with the inner coated membrane of MFG. The components of both membranes are

transformed by lateral movement. Especilly, the sugar chain of glycoproteins in the inner membrane is

exposed onthe outer aquous surface, while apolar moieties interact with the phospholipid bilayer.
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